Background
==========

In Nepal, about 84% (23 million) of the people were at risk of malaria in 2012 with 4% at high risk. One million people live in areas with a reported incidence of more than one case per 1,000 population per year \[[@B1]\]. However, the scale of preventive interventions appears to have been limited in Nepal \[[@B2]\]. In recent years, malaria control activities have been carried out in 65 districts at risk out of 75 administrative districts \[[@B3]\]. In 2010, these 65 districts were further categorized for malaria control programme interventions. Based on the annual parasite incidence (API), there were 13 high-risk districts (API ≥1), 18 moderate-risk districts (API = 0.5-1), 34 low-risk districts (API = 0-0.5) and ten no-risk districts (API = 0) \[[@B3],[@B4]\], as shown in Figure [1](#F1){ref-type="fig"}. The Global Fund to fight AIDS, tuberculosis and malaria (GFATM) started supporting a malaria control programme in high-priority, malaria-risk districts in Nepal in April 2004 \[[@B5]\]. Since 2011, the GFATM has scaled up its support for the malaria control programme in 18 additional moderate-risk districts \[[@B3],[@B4]\]. The GFATM support is utilized for rapid diagnostic test (RDT) kits, artemisinin combination therapy (ACT), long-lasting insecticidal nets (LLINs), and information, education and communication/behaviour change communication (IEC/BCC) for LLIN use \[[@B4]\]. After the introduction of these interventions, the number of confirmed malaria cases in Nepal declined substantially.

![Classification of malaria risk districts in Nepal.](1475-2875-13-241-1){#F1}

Based on recommendations from the internal and external evaluation of Nepal's malaria control programme in 2010, the country has been preparing for a pre-elimination phase since 2011. It has recently adopted a long-term malaria elimination strategy with the ambitious vision of a malaria-free Nepal by the year 2026 \[[@B3],[@B4],[@B6]\]. However, relatively little attention has been given to systematic analyses of the existing malaria data that are collected by the routine health surveillance system of the country. Moreover, there has not been any review of malaria in Nepal that addresses the epidemiological and entomological aspects of malaria transmission. Reviews of lessons from a country's malaria control history help to develop flexible strategies for achieving malaria elimination goals \[[@B7]\]. Hence, this paper aims to highlight the past milestones, the present malaria situation in Nepal, and the challenges for future prevention and control strategies that need to be mastered to pave the way towards malaria elimination in this country.

Methods
=======

Study area
----------

Nepal is a mountainous country with highly diverse topography ranging from the lowland *terai* region (about 60 m above sea level) to the highest peak of the planet, Mount Everest (8,850 m). As a consequence, almost all types of climate from subtropical to alpine exist in the country \[[@B8]\]. Its 147,181 sq km of territory are situated on the southern slope of the central Himalayas, landlocked between China in the north and India in the east, south and west. Geographically, Nepal is broadly divided into three ecological regions: terai, hills and mountains, and administratively in five development regions and 75 districts. According to the latest census (2011), the total population of the country is 26,494,504 and has a growth rate of 1.35% per year. About half of the population (50.3%) live in the terai and 43 and 6.7% in the hill and mountain regions, respectively \[[@B9]\]. However, in terms of area, the mountains cover 35%, the hills 42% and the terai only 23% of the country. Thus, the terai has the highest population density (392 per sq km) and the mountains the lowest (34 per sq km) \[[@B9]\]. The majority of people (83%) in Nepal live in rural areas and only 17% in urban areas \[[@B9]\], and the number of reported malaria cases is higher in rural areas.

Research design
---------------

A retrospective study was conducted to describe the trend of malaria of the last 50 years (1963--2012) and assess changes in malariometric indicators of the high- and moderate-risk districts after the introduction of the GFAMT programme (2004--2012) in Nepal.

Data collection
---------------

Routine national health facility surveillance data of malariometric indicators were obtained from the Epidemiology and Disease Control Division (EDCD), Department of Health Services (DoHS), Government of Nepal. In Nepal, the national malaria surveillance programme is predominantly dependent on passive surveillance carried out by different levels of the public health facilities. Monthly malaria cases are reported from the community level Sub-health Post (SHP) and Health Post (HP) to the Primary Health Care (PHC) centre, then to the District (Public) Health Office, and finally to the EDCD via the monthly health management information system (HMIS). Apart from the HMIS, there is a weekly early warning reporting system (EWARS) of admitted malaria cases and deaths from hospitals, a monthly global fund report, weekly community sentinel surveillance for outbreaks, a monthly logistics management report and an annual report to the EDCD. Malaria diagnosis includes microscopy in all public health facilities and pan-specific antigen RDT where microscopy is not available (some HPs and all SHPs) \[[@B6]\]. Malariometric indicator data at the national level were collected for the years between 1963 and 2012. National level data on malaria cases classified by origin (i.e. either indigenous or imported) were available only after 2001. In some years, a large number of malaria cases were unclassified by type of origin. For analysis, these were assigned to the indigenous and imported case categories based on the known proportion of those cases for the respective years. For example, if ten cases from a particular region were reported as unclassified, 30 as indigenous and 20 as imported, then the proportion of those ten unclassified cases of this year that were assumed to likely have been indigenous ones would be 10 × (30/(30 + 20) = 6. District level disaggregated data were available only from 2004 to 2012. Therefore, all high (13) and moderate risk (18) districts, which accommodate more than 90% of the total reported confirmed malaria cases of the country, were further analysed to compare the malariometic indicators between 2004 and 2012. An additional reason for choosing the data set of 2004--2012 for detailed analysis is that malaria intervention programmes, such as the distribution of ACT and LLINs, started in 2004 and 2005, respectively, with GFATM support \[[@B5],[@B6]\]. All of the malaria cases used for analysis was confirmed cases (i.e. either by microscopy or RDT). Information on clinically suspected malaria cases was used only where explicitly stated. The classification of malaria cases was not complete between 2007 and 2009 with some districts reporting more than 50% unclassified cases by origin, sex and age groups. Therefore, only data that had more than 80% complete report from each district per year were included in the analysis. Number of LLINs distributed between 2005 and 2012, LLINs coverage and number of households protected by indoor residual spraying (IRS) were obtained from Nepal malaria report published by the EDCD. In addition, results of Nepal demographic and health survey 2006 and 2011 were reviewed to estimate percentages of households with at least one mosquito net.

In order to control for other factors that might influence the observed trends of malaria indicators, the following additional comparison indicators were used \[[@B10],[@B11]\]: i) new outpatient visit per year for all cause consultation which was reported as percentage of total targeted population to observe changes in health-seeking behaviour and access to health facilities over the years and ii) incidences of childhood diarrhoeal diseases (CDD) and acute respiratory infection (ARI) from annual reports of the DoHS. This helps to observe trend in malaria indicators are not by other factors that also affect trends of other diseases in a similar way. An additional reason for choosing these indicators is that these diseases control programmes have similar community outreach like malaria and all are covered by the community based integrated management of childhood illness (CB-IMCI) programme since 1997 and were scaled up in phase wise manner covering all the districts of Nepal in the mid of 2010. The monthly rainfall in millimetres (mm) and air temperature (minimum, maximum and mean) in degree Celsius (°C) were obtained from seven meteorological stations of Department of Hydrology and Meteorology, Government of Nepal which are located within the study districts of lowlands terai to assess trends in climactic variables and control for the potential effect on malaria transmission.

Data analysis
-------------

The data were entered in Microsoft Excel and analysed in the R computing software \[[@B12]\]. *Plasmodium vivax* is the predominant species that causes around 80-90% of the total malaria cases, but *Plasmodium falciparum* is the main cause of malaria outbreaks in Nepal \[[@B13]\]. Therefore, the trend of malaria incidence and the proportion of *P. falciparum* cases in Nepal (1963--2012) and the proportion of malaria cases by origin (2001--2012) were analysed. The incidence of malaria was estimated using the annual number of reported confirmed malaria cases as the numerator and the official number of population at risk of malaria estimated by EDCD as the denominator and expressed as per 10,000 population at risk. Similarly, the incidences of *P. vivax* and *P. falciparum* were calculated. Finally, a detailed comparison of the malaria indicator data of the years 2004 to 2012 was performed to examine the changes after the introduction of the GFATM programme, and to assess the feasibility for the country to embark towards elimination. Two methods were used to test the significance of improvement in malaria indicators over different periods taking 2004 as a reference period. Proportions and mean values with 95% confidence intervals (CI) on the estimates as population samples, and risk ratios (RR) were calculated to observe differences in proportions between discrete time periods \[[@B14]\]. First, the proportions of malaria parasite infections among sex and age groups were compared to test changes in the proportions between two discrete time periods 2004 and 2012 using a chi-square test. Second, log-linear regression assuming negative binomial distribution was used to test changes in malaria and non-malaria indicators over different periods compared to the reference period 2004 \[[@B11],[@B14]-[@B16]\]. The negative binomial model (NBM) is an extension of Poisson model for incidence rates which allows for the over dispersion that commonly occurs for diseases count data, and is reported to be a robust analysis with respect to count data sets \[[@B15],[@B17]\]. The log of the incidence rate is assumed to be linearly associated with interventions of different time periods, and the model parameters after exponentiation can be interpreted as RR which is similar to relative risk or relative incidence \[[@B16]\]. The 95% CI of RR which does not include one in the range was considered as being a significant change in the indicator. Linear regression was also employed to log transformed annual malaria incidence data of 31 malaria risk districts as well as of whole country to test the significance of decline over the periods 2004 to 2012 \[[@B14],[@B18]\]. To detect autocorrelation, residuals of models were plotted against time and Durbin-Watson statistic was used to test for serial autocorrelation of the error terms in the regression which yielded values less than two indicating no evidence of serious autocorrelation \[[@B19]\]. In addition, the month-to-month trend in climatic variables between 2003 and 2012 were analysed using time series plots. These trends and findings were then compared with those described in the literature.

Ethical considerations
----------------------

The Ethical Review Board of the Nepal Health Research Council (NHRC) approved the conduct of this study. Only data that had been approved and documented by the EDCD, DoHS, Government of Nepal were used.

Results
=======

Annual trends of confirmed malaria incidence and *Plasmodium falciparum* proportion in Nepal (1963 -- 2012)
-----------------------------------------------------------------------------------------------------------

The trend of confirmed malaria incidence and the proportion of *P. falciparum* cases over the period of 1963--2012 are shown in Figure [2](#F2){ref-type="fig"}. The proportion of *P. falciparum* cases was higher at the beginning of the 1960s (more than 40%), and cases were reduced to 2,500 by the end of the 1960s. The resurgence of malaria in Nepal started at the beginning of the 1970s, culminating in,14,647 cases in 1974 (19.1% of these *P. falciparum*). By 1976, this was reduced to 10,123 cases (22% *P. falciparum*). The number of malaria cases again started to rise in 1985 when they exceeded 42,321 (17.9% *P. falciparum*), the highest malaria caseload ever recorded in Nepal. However, the number of annual cases was reduced to around 22,000 by the end of the 1980s. Nepal again experienced a malaria outbreak at the beginning of the 1990s. The number of malaria cases rose to 29,000 (17.4% *P. falciparum*) in 1991. Malaria cases peaked again to 12,786 (17% *P. falciparum*) and 9,506 cases (12.9% *P. falciparum*) in 2002 and 2003, respectively. After this, annual case numbers were maintained below 5,000 in Nepal. Despite a steady decline in the number of malaria cases after 2003, the proportion of *P. falciparum* cases increased reaching 27.3% in 2006 and 29.8% of the total confirmed cases in 2010, the highest proportion of *P. falciparum* in Nepal ever recorded after the 1970s.

![**Yearly trends of malaria incidence and*Plasmodium falciparum*malaria proportion in Nepal (1963--2012).**](1475-2875-13-241-2){#F2}

Nepal has made significant progress in controlling malaria transmission over the past decade: The total number of confirmed malaria cases declined by 84% (from 12,750 in the year 2002 to 2,092 in 2012), the number of diagnosed *P. falciparum* cases by 81% (from 2,165 in 2002 to 418 in 2012), and only one malaria death was reported in 2012. However, both the proportions of *P. falciparum* (Figure [2](#F2){ref-type="fig"}) and imported malaria cases have been in an increasing trend after 2001 (Figure [3](#F3){ref-type="fig"}A). The proportion of imported malaria cases was less than 20% in 2002 but increased to 50% by 2012. The vector control intervention (i.e. LLINs distribution and households protected by IRS) is given in Figure [3](#F3){ref-type="fig"}B. The IRS is gradually replaced by LLINs coverage in malaria-risk districts. Total confirmed malaria cases and important milestones on malaria control in Nepal during the last 50 years are summarized in Figure [4](#F4){ref-type="fig"}.

![**Total confirmed malaria cases by origin and vector control interventions.** Panel **A** shows total confirmed malaria cases by origin between 2001 and 2012. Panel **B** shows households protected by indoor residual spraying (IRS) and long lasting insecticidal nets (LLINs) distributed between 2004 and 2012. In high-risk foci not covered by LLINs, IRS is done twice a year. The first round of IRS is undertaken during pre-monsoon (April-May) and the second round in monsoon (July-August) each year.](1475-2875-13-241-3){#F3}

![**Total confirmed malaria cases and important milestones on malaria control in Nepal (1963--2012).** During 2006--2008, long lasting insecticidal nets (LLINs) were distributed with policy of one LLIN per household in 13 high-risk districts (HRD). LLINs are being distributed at the rate of one LLIN per two persons in HRD and moderate-risk districts (MRD) since 2009 and 2011, respectively. Each bar with distinct peak values was attributed to malaria epidemics mainly caused by *P. falciparum* malaria. Treatment failure of *P. falciparum* malaria in Nepal has been shown for chloroquine (CQ) and sulfadoxine-pyrimethamine (SP) but clinical CQ resistance in *P. vivax* has not been reported in Nepal. Artemisinin combination therapy (ACT) was introduced for the treatment of uncomplicated *P. falciparum*in 2004.](1475-2875-13-241-4){#F4}

Changes in malariometric indicators of 31 malaria risk districts in Nepal from 2004 to 2012
-------------------------------------------------------------------------------------------

The comparison of malariometric indicators of 31 malaria-risk districts for the years 2004 to 2012 showed a statistically significant improvement except few indicators. There were significant changes in proportions of malaria parasite infections among age and sex groups (Table [1](#T1){ref-type="table"}). Males older than five years had higher infection rates with both *P. vivax* and *P. falciparum* malaria compared to females and to males under five years of age. Compared with 2004, the proportion of *P. vivax* has increased by15% among males above five years (RR = 1.15, 95% CI = 1.09-1.21) and has declined among females above five years by 47% (RR = 0.53, 95% CI = 0.4-0.6) in 2010. In contrast, the proportion of *P. falciparum* has increased in all age and sex groups with a statistically significant increment among children of both sex groups and males above five years. The incidence of confirmed malaria was static in 2005 and 2006 compared to 2004, and increased to peak in 2007 which coincides with RDT use at community level and the introduction of free health service policy to remove user fees in 2007. After achieving LLINs coverage in high-risk areas by more than 50% (Figure [3](#F3){ref-type="fig"}B), the confirmed malaria incidence declined in 2008 with a statistically significant decline starting from 2009 (Figure [5](#F5){ref-type="fig"}A). Compared with 2004, there was a decline by 58% in 2009 (RR = 0.42, 95% CI = 0.2-0.82), 63% in 2010 (RR = 0.37, 0.19-0.74), 73% in 2011 (RR = 0.27, 95% CI 0.19-0.74) and 75% in 2012 (RR = 0.25, 0.19-0.74). This decline is further supported by a significant decline in the incidence *P. vivax* malaria (Figure [5](#F5){ref-type="fig"}B). In contrast, compared with 2004, the incidences of *P. falciparum* and clinically suspected malaria have not declined significantly (Figure [5](#F5){ref-type="fig"}C and D). Furthermore, the analysis of linear regression on log transformed incidence of the confirmed malaria also showed a statistically significant decline by 18% per year in 31 malaria risk districts (95% CI, 12-24%) and 16% per year in the whole country (95% CI, 12-20%) (see Additional files [1](#S1){ref-type="supplementary-material"} and [2](#S2){ref-type="supplementary-material"}), respectively.

###### 

Comparison of malaria parasite infections by age and sex groups of high and moderate risk 31 districts in Nepal for the years 2004 and 2012

  **Variables**             **Year 2004 N (%)**   **Year 2012 N (%)**   **Risk ratio (95% CI)**
  ------------------------- --------------------- --------------------- -------------------------
  *P. vivax*                                                             
  \< 5 years male           44 (1.1)              28 (1.7)              1.46 (0.91-2.34)
  \< 5 years female         34 (0.9)              16 (1)                1.08 (0.60-1.96)
  \> 5 years male           2078 (54)             1037 (62.5)           1.15 (1.09-1.21)\*
  \> 5 years female         1239 (32.3)           288 (17.3)            0.53 (0.48-0.6)\*
  *P. falciparum*                                                        
  \< 5 years male           6 (0.2)               13 (0.8)              5 (1.9-13.13)\*
  \< 5 years female         3 (0.1)               9 (0.5)               6.92 (1.87-25.53)\*
  \> 5 years male           289 (7.5)             199 (12)              1.59 (1.33-1.88)\*
  \> 5 years female         138 (3.6)             70 (4.2)              1.17 (0.88-1.55)
  Total confirmed malaria   3831 (100)            1660 (100)            ND

ND means not determined.

\*Significant difference at *P* \< 0.001(Two-tailed).

![**Trends on malariometric indictors of 31 malaria risk districts in Nepal between 2004 and 2012.** Panel **A**, **B**, **C** and **D** show trends of confirmed malaria incidence, *Plasmodium vivax* malaria incidence, clinically suspected malaria incidence and *Plasmodium falciparum* malaria incidence, respectively. Graphs show trend plot, mean and 95%CI. The symbol (\*) represents a statistically significant difference at *P* \< 0.05 (Two-tailed).](1475-2875-13-241-5){#F5}

Changes in non-malaria indicators of 31 malaria risk districts in Nepal from 2004 to 2012
-----------------------------------------------------------------------------------------

There was a significant increase in the proportion of outpatient visits for all cause consultation in health facilities over the years compared to the baseline year 2004 (Figure [6](#F6){ref-type="fig"}A). The incidences of ARI and CDD have also significantly increased over the years compared to 2004 (Figure [6](#F6){ref-type="fig"}B and C). Both malaria and non-malaria indicators generally followed similar trend from 2004 to 2007 but only malaria incidence followed significant declining trend from 2008 and non-malaria indicators followed statistically significant increasing trend.

![**Trends on non-malaria indicators of 31 malaria risk districts in Nepal between 2004 and 2012.** Panel **A**, **B** and **C** show trends of all cause new visits for outpatient consultation, incidence of acute respiratory infections (ARI) among children and incidence of childhood diarrhoeal diseases (CDD), respectively. All cause new visits for outpatient consultation was calculated as percentage of target population of each district. This includes a very small portion of malaria patients for outpatient consultation. Due to unavailability of complete data of outpatients for malaria consultation, only non-malaria consultation portion could not be computed. Graphs show trend plot, mean and 95% CI. The symbol (\*) represents a statistically significant difference at *P* \< 0.05 (Two-tailed). The incidences of ARI and CDD were computed per 1,000 children under five years (new visits or cases).](1475-2875-13-241-6){#F6}

Effect of climatic variation on malaria transmission in 31 malaria risk districts in Nepal from 2004 to 2012
------------------------------------------------------------------------------------------------------------

There were no noticeable anomalies or significant changes in rainfall and temperature trends between 2003 and 2012 (Figure [7](#F7){ref-type="fig"}) that could plausibly affect the observed trend of malaria transmission in lowland districts from where majority of the confirmed cases (\>80%) were reported. Seasonality of both rainfall and temperature was normal during the study period.

![**Trends in monthly climatic variables between 2003 and 2012.** The monthly data of each climatic variable were taken from records of seven meteorological stations of lowlands terai districts which belong to high and moderate-risk malaria districts.](1475-2875-13-241-7){#F7}

Discussion
==========

The analysis of the available epidemiological data of malaria in Nepal between 1963 and 2012 shows a fluctuating trend of both confirmed malaria cases and the proportion of *P. falciparum.* The proportion of *P. falciparum* cases was higher at the beginning of the 1960s and drastically decreased after 1965. This may have been an effect of the national programme on malaria vector control by means of dichloro-diphenyl-trichloroethane (DDT) house-spraying which commenced in 1959 and had covered all parts of Nepal below 1,200 m above sea level by the year 1965 \[[@B20]\]. As a result of this effective nationwide anti-malaria programme, a large area of the lowlands of Nepal was practically malaria-free and the number of reported cases reduced to a minimum by the end of the 1960s \[[@B21],[@B22]\]. The proportion of *P. falciparum* cases in Nepal reached a minimum of around 7% by 1971 \[[@B21],[@B22]\]. At that time, the trends of the total malaria cases and the proportion of *P. falciparum* were similar to those in neighbouring India \[[@B23]\]. This has been related to reports stating that *Anopheles minimus* had been almost eliminated from Nepal by the control programme \[[@B5],[@B20],[@B22],[@B24]\]. However, molecular tools were not available at that time and closely related or morphologically cryptic mosquito species were often misidentified. In particular, morphological characters of immature stages and adults of *A. minimus*, *Anopheles aconitus* and *Anopheles fluviatilis* are overlapping and polymorphic \[[@B25]\]. Thus, the alternative hypothesis cannot be refuted that the reported disappearance of *A. minimus* from Nepal at that time might have reflected taxonomic uncertainty or confusion with one or more other common *Anopheles* species, rather than selective elimination of *A. minimus*.

The resurgence of malaria in Nepal during the early 1970s was due to technical, financial, administrative, and logistic support problems coupled with the discovery that *Anopheles annularis* now functioned as a vector of malaria in the southern terai belt, leading to a massive epidemic in Parsa, Kapilbastu, Rupandehi, and Nawalparasi districts of the central and western terai \[[@B5],[@B22],[@B24],[@B26]\]. Furthermore, during the 1970s and 1980s, international support for malaria control declined rapidly because of economic and financial crises causing malaria resurgence and epidemics in many countries, particularly on the Indian subcontinent \[[@B7]\]. Attempts to control the epidemic by IRS with DDT were not effective due to the development of resistance against DDT in *A. annularis*\[[@B5],[@B24],[@B26]\]. Nevertheless, during the late 1970s, rigorous efforts that involved changing the insecticide from DDT to the organo-phosphorous compound malathion, the bendiocarb-carbamate Ficam and larviciding with Abate were undertaken to control the epidemic in the western region of Nepal, and the number of cases was reduced to 10,123 by 1976 \[[@B5],[@B24]\].

In July 1978, a review of the malaria programme's objectives and strategy resulted in a transformation of the malaria eradication programme to malaria control according to WHO's global strategy of malaria control \[[@B5],[@B24],[@B27]\]. The decade of the 1980s was a setback for the malaria control programme in Nepal. The highest number of malaria cases in 1985 was due to a large-scale epidemic in the far-western region \[[@B5],[@B24],[@B28],[@B29]\]. The number of annual cases was reduced to around 22,000 by the end of the 1980s with concerted efforts such as changing the anti-malarial drug policy from chloroquine (CQ) to sulphadoxine-pyrimethamine (SP) against *P. falciparum* and changing insecticides, establishing passive case detection volunteer posts in epidemic and epidemic-prone areas, and the establishment of free drug distribution centres \[[@B5],[@B24],[@B27]\].

A high number of malaria cases at the beginning of the 1990s was attributed to another malaria epidemic in the central and far-western regions of Nepal. Case numbers were brought down to below 10,000 by 1995 with intensive efforts that included mosquito control by continued IRS in epidemic areas using the synthetic pyrethroid lambda-cyhalothrin \[[@B5],[@B24]\]. Beside this, the country had to manage 1,600 (51% *P. falciparum*) and 1,461 (43% *P. falciparum*) additional malaria cases in 1994 and 1995, respectively, due to an influx of refugees from Bhutan into eastern Nepal \[[@B5],[@B24]\]. However, these refugee data between 1994 and 2000 are not included in the present analysis.

The peak values of malaria positive cases in 2002 and 2003 were contributed by an outbreak of malaria in Krishanpur, Jhallari and Daizi village development committees (VDC) of Kanchanpur district in far-western Nepal \[[@B30],[@B31]\]. The cause of the outbreaks in Kanchanpur and Nawalparasi districts was treatment failure of *P. falciparum* cases with SP \[[@B32]-[@B34]\]. In line with these findings, artemether-lumefantrine (AL, Coartem®) was introduced against uncomplicated *P. falciparum* malaria in 2004 in high-priority, malaria-endemic districts of Nepal, and throughout the country since 2009 \[[@B13]\]. The increase in the proportion of *P. falciparum* cases after 2004 was mainly due to increasing numbers of *P. falciparum* cases in Jhapa district in 2005 and an outbreak of *P. falciparum* malaria in Banke district in 2006 \[[@B5]\] which claimed 36 deaths \[[@B13]\]. The malaria outbreak in Banke district occurred in September/October 2006 after heavy flooding and prolonged heavy rainfall during the preceding monsoon season. Entomological investigations in affected villages revealed a high density of *A. fluviatilis* and a low density of *A. annularis*\[[@B5],[@B24]\]. Previously, Banke district had been classified as a low-risk district and no vector control measures had been in place over the previous ten to 15 years. This example shows that an outbreak of malaria, especially of *P. falciparum* malaria, may occur at any time even in low-risk areas following changes in the ecology, vector dynamics or extreme weather events such as heavy rainfall and flooding.

The highest proportion of *P. falciparum* cases in 2010, reaching 29.8% of the total confirmed malaria cases without any outbreak of malaria in the country, is attributed to a large number of imported cases (1,314 of total 3,004 cases). The drastic decline in indigenous malaria cases but continuous introduction of imported cases has increased the proportion of both imported and *P. falciparum* malaria cases in Nepal in the last decade.

Nepal does appear to have a considerable proportion of mixed infections of *P. falciparum* and *P. vivax*, but only limited evidence is available in the absence of molecular studies \[[@B35]\]. In the present analysis of total confirmed malaria cases, only about 1% had been diagnosed as mixed (*P. vivax* and *P. falciparum*) infections. Due to their low number, these mixed infections are usually reported as *P. falciparum* cases in Nepal. In one study, PCR analysis showed that there were no *Plasmodium malariae* or *Plasmodium ovale*, but *P. falciparum* and *P. vivax* mixed infections constituted 17% of the total sample (113 cases) \[[@B36]\]. Another study found no mixed infection by microscopy, but 5.1% (five of 98 samples) were diagnosed as mixed (*P. vivax* and *P. falciparum*) infections by PCR \[[@B37]\]. Thus, the apparently low percentage of mixed infection in the data of the present study may be an artefact of testing malaria positive cases only by microscopy and RDTs. A recent study from two districts of far-western Nepal shows a 17% relapse rate in *P. vivax* malaria (23 of 137 cases) with a high proportion of males from the age group 11--20 years \[[@B38]\]. Although this relapse rate is not known at the national level, a high relapse rate may be a hurdle to achieving the malaria elimination goal.

The annual blood examination rate of Nepal is below 1%. Not all of the collected blood slides were tested for malaria parasites due to various reasons including lack of human resources and laboratory facilities \[[@B3],[@B24]\]. Therefore, the observed increasing number of clinically suspected malaria cases and the corresponding decline in confirmed malaria cases in Nepal may be attributed to this diagnostic gap.

The seasonal variation of malaria case numbers in Nepal shows a distinct peak in either the monsoon or post-monsoon season. The peak densities of the primary malaria vector in Nepal, *A. fluviatilis*, which was shown to be responsible for malaria transmission up to 1,300 m altitude in Nepal, occur during and after the monsoon (July-December) in mountain valleys, before and after the monsoon (March-April and October-December) in the inner terai and following the monsoon (November-February) in the forested terai \[[@B5],[@B24],[@B27]\]. Most of the documented malaria outbreaks in Nepal were due to transmission by this species \[[@B5],[@B24]\].

Malaria transmission is mainly confined to the southern districts of Nepal bordering India. Hence, a cross-border malaria strategy with India is very important. With this goal, the USAID Bureau for Asia and Near East (ANE) and USAID Nepal, in collaboration with the WHO, supported a regional initiative for Bangladesh, Bhutan, India and Nepal (BBIN) in the year 2000 to implement cross-border activities for the control of three vector-borne diseases (VBDs): malaria, leishmaniasis and Japanese encephalitis \[[@B39]-[@B41]\]. Despite these efforts, the issue of imported malaria cases in Nepal is not under control yet. This may be due to the fact that the proportion of *P. falciparum* cases is also in an increasing trend in the neighbouring country India although the number of malaria positive cases has been declining over the years \[[@B23]\]. Hence, large-scale migration across the southern border of Nepal with India and continued introduction of malaria cases among adult males could be seen as a major threat favouring possible focal outbreaks of *P. falciparum* malaria and hindering Nepal's efforts towards malaria elimination \[[@B6],[@B42]\]. The majority of imported cases had a history of travel to malaria endemic areas of India and predominantly were adult male labourers \[[@B6]\]. The total number of imported cases is dominated by *P. vivax*. However, among the total *P. falciparum* cases, the proportion of imported *P. falciparum* malaria is higher than that of indigenous *P. falciparum* malaria. The peak season of imported malaria cases in Nepal is the post-monsoon season during which migrating workers usually return home to celebrate major festivals in Nepal. The other countries of Southeast Asia that are in a pre-elimination phase (Bhutan and Sri Lanka) have experienced problems achieving elimination goals due to imported malaria \[[@B39],[@B43],[@B44]\], and Iran in 2011 moved backwards from elimination to pre-elimination phases in malaria control because of imported cases \[[@B45]\].

The total number of confirmed malaria cases in Nepal has drastically declined over that last decade. Thereby, Nepal has achieved and exceeded the malaria target of the Millennium Development Goals (MDGs) and universal coverage of malaria control interventions, and the Roll Back Malaria (RBM) targets of 2010. Contributing factors behind the static decline in the number of malaria positive cases may be the introduction of ACT for the treatment of uncomplicated *P. falciparum* cases since 2004 and the distribution of LLINs in high-risk priority districts since 2005 with support from the GFATM along with the delivery of free primary health care services from public health institutions since 2007 \[[@B2],[@B4],[@B5],[@B13],[@B24],[@B46],[@B47]\]. However, case numbers also declined in areas where GFATM intervention programmes were not in place. Although the reasons for this are not known, other factors, both human and climatic, may have played a role in reducing the malaria incidence \[[@B48]\]. For example, the percentage of households possessing mosquito nets in Nepal had increased from 61.3% in 2006 to 67.8% in 2011 \[[@B49],[@B50]\].

A minimum requirement for malaria elimination is that the reproductive number under control (Rc) should be less than one \[[@B51]\]. The ratio of indigenous to imported cases can be taken as approximately indicative of the current value of Rc \[[@B52]\]. However, estimating Rc in Nepal is difficult due to unavailability of information on asymptomatic infections which also contribute to the reproduction of the infection, and because only a passive surveillance system exists for case detection with an annual blood examination rate accounting below 1%. Population prevalence surveys conducted in two high-risk malaria districts (Jhapa and Kanchanpur) in 2008 showed parasitic prevalence rates of 0.82% and 1.92%, respectively \[[@B6]\]. In the same year, the slide positive rates from the passive surveillance system in Jhapa and Kanchanpur were 4.7% and 1.6%, respectively, indicating that different results may be obtained according to the surveillance system used and the prevalence of asymptomatic malaria infections is still high at the population level.

The comparison of the incidence of confirmed malaria and *P. vivax* malaria of 31 malaria-risk districts in Nepal for the years 2004 to 2012 shows statistically significant decline following scale up of LLINs in high-risk areas and availability of ACT as first-line treatment to uncomplicated *P. falciparum.* The trend of the confirmed malaria observed in the present study is consistent with findings of a previous study \[[@B15]\].

All cause outpatient consultation visits (reported as percentage of new cases of total population) has increased significantly over the years which was similar to malaria incidences before 2008 (Figure [6](#F6){ref-type="fig"}A). Similarly, compared with 2004, incidences of ARI and CDD have significantly increased since 2007 and 2006, respectively (Figure [6](#F6){ref-type="fig"}B and C). These significant increasing trends of non-malaria indicators may be attributed to the introduction of free health service policy by the Government of Nepal in 2007 and scaled up of the CB-IMCI programmes in all districts of Nepal by 2010 \[[@B3]\].

No significant changes in rainfall and temperature pattern were identified that could explain the observed trend in malaria incidence of 31 malaria-risk districts which are mostly located in lowlands terai districts (Figure [7](#F7){ref-type="fig"}). The non-significant trend in temperature and rainfall in lowlands terai is consistent with findings of previous studies \[[@B53]-[@B55]\]. In contrast, the risk of malaria transmission in the temperate regions of Nepal is speculated to gradually increase because of climate change since global warming has more pronounced effects in the higher altitudes of Nepal compared to the lowlands of the terai \[[@B8],[@B53],[@B55]-[@B58]\]. A significant positive correlation between climate variables: rainfall and temperature, and number of confirmed malaria cases is reported in a study conducted in the high-risk Jhapa district \[[@B59]\]. Several recent studies show the increasing trend of epidemic potential of malaria in temperate regions and tropical highlands in different climate change scenarios \[[@B60]-[@B63]\]. Accordingly, the temperate region of Nepal is at risk of malaria due to climate change coupled with the expansion of infrastructure development such as road construction, hydropower development and the construction of ponds for fisheries. The distribution of the disease, which was previously believed to be confined to the forest and forest fringe regions of the terai lowlands and so-called inner terai valleys, is now observed to extend to an altitude of almost 2,000 m above sea level in the Himalayas of Nepal \[[@B3],[@B15],[@B64]\]. However, the effect of climate change on the epidemiology of malaria in Nepal has remained elusive in the absence of specific studies \[[@B64]\]. Hence, expansion of malaria in high altitude districts previously considered non-endemic for malaria transmission despite of significant decline of malaria incidence in lowlands terai and hill districts can be one of the challenges for achieving the malaria elimination goal.

The coverage of LLINs in malaria high-risk areas is reported more than 90% in 2010 and percentage of children sleeping under LLIN (last night) rose from 48.2% in 2006 to 91.5% in 2009 (Figure [3](#F3){ref-type="fig"}B) \[[@B6]\]. In Nepal, IRS has been a well-established vector control intervention for a long period. Therefore, the observed decline trend of malaria incidence may not be attributed to IRS as IRS activities were occurred throughout both pre-and intervention periods. Although unmeasured factors may have attributed to this significant decline of confirmed malaria and *P. vivax* malaria, available health facilities data indicate that this significant decline coincided with the scale up of free LLINs distribution policy of one LLIN per two persons in high-risk areas of 31 districts and AL as the first-line of treatment for uncomplicated confirmed *P. falciparum* malaria throughout the country since 2009 \[[@B6],[@B13]\].

Despite a statistically significant decline in the incidence of total confirmed and *P. vivax* malaria, there is no significant decline in *P. falciparum* and clinically suspected malaria incidences. The significant increase in proportion of *P. vivax* and *P. falciparum* among above five years age group is mainly contributed by imported malaria cases among male labourers. Surprisingly, both total number as well as proportion of *P. falciparum* has increased among children in 2012 compared to 2004 which may be because of two reasons. First, increased case detection rate and reporting of malaria among children in 2012 compared to in 2004 which is consistent with increasing trend of outpatient consultation, CDD and ARI over the years (Figure [6](#F6){ref-type="fig"}) along with the scale up of the CB-IMCI programme in Nepal covering all districts by mid of 2010. Second, imported cases of *P. falciparum* among children (e.g. out of total 21 reported *P. falciparum* cases among children in 2012, seven were imported cases). These facts show that malaria, especially *P. falciparum* malaria, persists in high-risk districts despite massive interventions such as LLINs and IRS in these districts. This may be due to the fact that such interventions alone cannot easily break the transmission cycle of *P. falciparum* malaria \[[@B65]\]. The resurgence of *P. falciparum* malaria immediately after decrease in insecticidal net coverage is reported in Rwanda \[[@B11]\]. Moreover, the resistance of malaria vectors to pyrethroids, the possibly short-lived efficacy of LLINs (e.g. in Zanzibar \[[@B66]\]) and *P. falciparum* resistance development to artemisinin derivatives (in Cambodia \[[@B67],[@B68]\]) challenge malaria control and elimination activities worldwide.

The magnitudes of declines found in malaria indicators are in line with those reported from similar studies in neighbouring countries: Bhutan, India and China \[[@B39],[@B69]-[@B71]\]. Although attempt is made to include completely reported malaria indicator data, the findings of this study should be interpreted with a caution as it is entirely dependent on retrospective surveillance data. These results may represent actual time trends in malaria incidence at health facilities which may not represent trends of true malaria incidence at the population level \[[@B14]\]. However, this study provides important information about past milestones, the present malaria situation and challenges on the path towards malaria elimination in Nepal.

Conclusions
===========

The 50-year malaria control experience of Nepal shows that the malaria resurgence and major outbreaks in the past were caused or aggravated by resistance development against anti-malarial drugs and insecticides, and by economic and financial crises affecting international support for malaria control. Despite these challenges, Nepal has made significant progress in the past decade, achieving and exceeding the malaria target of the MDGs, universal coverage of malaria control interventions and the RBM targets of 2010. A series of interventions are likely to have contributed to this decline. These include a drug policy change from monotherapy to AL, IRS in high-endemic foci, the distribution of LLINs in high-endemic areas, and enabling factors such as economic development and free health service delivery from government health institutions. Based on the evaluation of its national malaria control programme in 2010, Nepal has adopted a long-term malaria elimination strategy 2011--2026 with the vision of a malaria-free Nepal by 2026. However, considerable challenges lie ahead. These range from laboratory confirmation of clinically suspected malaria cases and their treatment, drug resistance especially of *P. falciparum*, relapse/re-infection with *P. vivax*, and vector control in the face of increasing insecticide resistance, to climate change and managing the large numbers of imported cases from foreign countries and in Indian border districts. In order to achieve the ambitious malaria elimination goal, more operational research is needed to generate local evidence on the sustainability and risks of malaria elimination efforts in Nepal. The regional initiative for the BBIN should be strengthened to implement cross-border activities for the control of VBDs including malaria. Border malaria check posts need to be established and all fever cases should be screened at the border crossing check posts. More importantly, high risk groups who are currently not covered by the IRS/LLIN strategy (e.g. populations affected by natural disasters, labourers returning from malaria endemic areas, forest dwelling populations) should be provided protection from malaria vectors. Furthermore, the current preventive and control measures should be strengthened to sustain and consolidate the achievements made so far with improved community involvement without reducing national and international support.
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**Linear trend of confirmed malaria incidence in 31 malaria risk districts (2004--2012).** The linear regression of confirmed malaria incidence shows significant decline between 2004 and 2012 in 31 malaria-risk districts which accommodate more than 90% reported confirmed cases each year.
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**Linear trend of confirmed malaria incidence in Nepal (2004--2012).** The linear regression of confirmed malaria incidence shows significant decline between 2004 and 2012 in Nepal.
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